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 This paper presents a novel combinational phonetic algorithm for Sindhi Language, 
to be used in developing Sindhi Spell Checker which has yet not been developed prior 
to this work. The compound textual forms and glyphs of Sindhi language presents a 
substantial challenge for developing Sindhi spell checker system and generating 
similar  suggestion list for misspelled words. In order to implement such a system, 
phonetic based Sindhi language rules and patterns must be considered into account 
for increasing the accuracy and efficiency. The proposed system is developed with a 
blend between Phonetic based SoundEx algorithm and ShapeEx algorithm for pattern 
or glyph matching, generating accurate and efficient suggestion list for incorrect or 
misspelled Sindhi words. A table of phonetically similar sounding Sindhi characters 
for SoundEx algorithm is also generated along with another table containing similar 
glyph or shape based character groups for ShapeEx algorithm. Both these are first 
ever attempt of any such type of categorization and representation for Sindhi 
Language. 
 
 
 
INTRODUCTION 
 
Spell checkers are application programs that flag words in a document which may not be spelled correctly. 
The primary and most complex task of a spell checker system is to generate an accurate suggestion list for the 
misspelled word. While a significant amount of work has already been done for string matching algorithms in 
English and other Asian languages [1, 2, 3, 4, 5], on the contrary no work has been done for Sindhi Language. A 
study on trends in Sindhi text errors and patterns shows that the most common misspellings factors are the 
phonetically similar words with (i) similar sound/ pronunciation and (ii) similar shape/ glyphs of Sindhi Characters 
[6]. This gives the motivation to initially develop a phonetic based algorithm for Sindhi Text before a more 
practical Sindhi Spell checker can be developed. Therefore a compendium algorithm is developed; involving Edit 
Distance, Phonetic and Glyph/pattern matching algorithm to provide suggestions of similar words, for the 
misspelled word. This combinational hybrid approach successfully generates accurate suggestions for the 
misspelled Sindhi word. 
SoundEx is generally considered as a phonetic algorithm, used primarily in natural Language Processing 
(NLP) for indexing names by sound. Simply stating, the SoundEx algorithm is used to group similar sounding 
letters together and assign each group a numerical number. The main goal of this technique is to use homophones 
for encoding text with numerical indexing; as a result the numerical representation can be easily matched with 
other similar sounding characters having same numerical code. This results in retrieving a list of words that are 
pronounced similarly with very little variation in their homophones. On the other hand the ShapeEx algorithm is 
used to group letters having same/similar shape or glyph and assign each group with a numerical number. Here 
the similar letters are those that are exactly same in shape and size, and are identified through certain diacritic 
marks such as ا{Alif} and آ{Alif-Mad-Aa}. These both letters are same except an additional symbol ‘~’ is used 
above the آ. This distinguishes both in pronunciation, but typists usually confuse and make a common mistake of 
missing such type of characters as discussed in [6,7]. 
 
Related Work: 
Phonetic algorithms for matching strings have been discussed in context to English language by various 
researchers from SoundEx [8,9], Metaphone [10,11] and Phonix [12]. Whereas some work in Sindhi Phonology 
and Phonetics has been done Jatoi A.N. as early as 1968 [13]. Sindhi morphological sound structure, vowel and 
consonant sounds, and its syntax have been discussed by [13,14,15,16]. However no work in developing a 
SoundEx and ShapeEx based algorithms for Sindhi was found in literature, thus making our effort first ever 
attempt in this area. 
On the contrary a huge amount of work has been done in Arabic and other Asian languages in this context. 
Bird S., [17] presents a theory on Arabic Phonology based on Arabic verb morphology, syllable structure, and 
phonological constraints. Other work in Arabic Language Phonological and phonetic algorithms and structural 
analysis involves [18,19]. Recently Ousidhoumet et al. discusses the refinement of Arabic soundEx using two 
functions called “Algerian Dialect and Speech Therapy Refinement” [20]. Whereas Naushad-Uz-Zaman devolved 
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a Spell checker using the Double Metaphone Encoding for Bangla language [21]. However Bal-Kirsna in his 
paper on “Nepali Spell Checker” has adopted an affix rules with pattern matching algorithm [22]. In contrast to 
this, T. Dhanabalan used Lexicons with morphological and syntactic information for the development of Tamil 
Spell Checker [23]. Tahira Naseem used various methodologies in the development of Urdu Spell checker such 
as Edit Distance algorithm, N-Grams, Sound-ex and its variants, using a Novel approach for ranking of spelling 
error corrections [24], and Probabilistic error correction techniques [25]. Rupinderdeep Kaur in his paper 
investigates various types of errors in Punjabi language with Gurmukhi Script and discusses various solutions and 
methodologies for creation of dictionary of Punjabi words, error detection and error correction & replacement 
[26]. 
The most relevant work on Sindhi phonology is done by Maharet at., where Sindhi Language phonology is 
discussed with “conversion of Sindhi alphabets letters into their appropriate sounds” [27].We have used the Shape 
groups discussed by Mahar et al. for similarly pronounced Sindhi phonemes and grouped them together to be used 
in our phonetic algorithms. We then created our own SoundEx based list of Sindhi character along with similar 
shape list for the ShapeEx algorithms. The available list of 360 Sindhi Phonemes as shown in figure 1; obtained 
from [27] and [28], is used to generate a basic list of similarly pronounced character list for phonetic based Sindhi 
SoundEx algorithm. 
 
Fig. 1: List of 360 Sindhi Phonemes 
 
Generating the Suggestions List: 
In every spell checker application, the major responsibility is to be able to generate a suitably accurate 
suggestion list for the misspelled word. Therefore, in order to develop a Sindhi spell checker system, we first need 
to work out how the suggestion list will be generated. In order to develop a procedure or routine for finding similar 
words list, following simple architecture has been implemented shown in figure 2 consisting of three main 
algorithms. According to this architecture the three algorithms that will be used in the system are Levenshtein 
Edit Distance algorithm (also commonly known as Edit Distance algorithm), second is the Sindhi phonetic based 
SoundEx algorithm and the last algorithm used is the ShapeEx pattern matching algorithm. The Levenshtein 
algorithm has not been discussed in this paper as already huge literate is present on the subject and currently is 
irrelevant to the context of this paper. Both phonetic algorithms have been developed for Sindhi Language and 
are implemented to generate similar words for any given word. Then the generated list of similar words form each 
is combined and redundant words are removed. These two algorithms are further discussed in details in the 
following sections. 
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Fig. 2: Basic architecture of generating the suggestions 
 
SoundEx Algorithm: 
The first algorithm used for generating similar words suggestion list is the SoundEx phonetic algorithm, 
which is used to encode the words and character by their sound or pronunciation. According to this algorithm 
each characters or letter in a language is assigned a number or code and the characters with similar homophones 
are all grouped together with same code so that when the comparison is done the words with similar  homophones 
characters, can be matched regardless of minor differences in spelling. For Sindhi language the character haves 
been grouped according to the similar homophones of each characters as shown in the table 1. All the letters in 
Sindhi language have been grouped and an alpha-numeric code has been assigned to each group. There also exist 
few characters in Sindhi language that can’t be grouped with any other characters as their pronunciation is 
completely different from the rest of the characters. There are 22 groups that have been created for Sindhi. 
 
Table 1: Sindhi SoundEx based Character groups 
Sound 
code 
rilimiS ruorG reiSirahS dSuoS teia  
S.No 
0  ئ ي ء آ ا 1.  
1      پ 2.  
2    ٻ ب ڀ 3.  
3     ط ت 4.  
4      ٿ 5.  
5     ٺ ٽ 6.  
6    ص س ث 7.  
7    چ ڇ ج 8.  
8     ڄ ڃ 9.  
9    ہ ھ ح 10.  
A     ک خ 11.  
B   ڍ ڏ ڌ د 12.  
C   ظ ض ز ذ 13.  
D    ر ڻ ڙ 14.  
E      ش 15.  
F     ڦ ف 16.  
d     ڪ ق 17.  
H     غ گ 18.  
I      ل 19.  
J      م 20.  
K      ن 21.  
L     ڱ ڳ 22.  
 
According to the soundEx algorithm for Sindhi; to find a similarly pronounced word for a given misspelled 
word, first the soundEx based code is generated for the misspelled word, then that code is compared with the 
soundEx of each word from the correctly spelled Sindhi words repository. Hence the matching of string is done 
using the soundEx code not the actual Sindhi text string, thus increasing the efficiency. All the words that have 
been matched are then put into the similar word list. We used a simple vector container in java to hold this words 
list.  
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The comparison according to the Sindhi soundEx algorithm is shown in table 2, where two Sindhi words are 
shown with similar soundEx code. The two words used here are ناتصڪاپ{Pakestan: noun} which is an incorrect 
or misspelled word and the correct spelling of this word is  ناتسڪاپ{Pakistan: noun}. Since currently, the only 
error here is the letter ص{~Swad} in misspelled word, which should be replaced with س{~Sceen}. Both these 
letter fall into same soundEx group as the pronunciation of both have same phonology and are similar to also in 
phonetics. As they are in same group both have same numerical code, this allows us to easily find letters that have 
same code using table 1. But in context of Spell checker we need entire word therefore the entire word is encoded 
according to the soundEx table grouping. For the word in table 2, it can be seen that both the words generate same 
soundEx code, hence the generating of similar words become quite easy and efficient. 
 
Table 2: SoundEx comparison of two Sindhi words 
Wrong word SoundEx Code Correct Word 
پ 1 پ 
ا 0 ا 
ڪ G ڪ 
ص 6 س 
ت 3 ت 
ا 0 ا 
ن K ن 
ناتصڪاپ 10G630K ناتسڪاپ 
 
Using this soundEx algorithm we were able to generate approximately 43,627 similar words list for Sindhi 
Language. We used Sindhi Dictionary containing more than 100,000 words, using the technique discussed in 
[29]. Table 3 shows some of the generated similarly pronounced Sindhi words using phonetic soundEx algorithm. 
All the similar sounding words generated, have same soundEx code and thus were grouped. 
 
Table 3: List of Similar words generated using SoundEx Algorithm 
S.No Sindhi Similar Words List SoundEx code 
1.  ڻڀا ٬ رڀا ٬ ڙٻا ٬ رٻا ٬ ربا ٬ ڻڀآ ٬ رڀآ ٬ ڻبآ ٬ ڙبآ ٬ ربآ ٬ ڻڀي ٬ ڙٻي ٬ رٻي x02DZ 
2.  يبي ٬ ابي ٬ يڀا ٬ اڀا ٬ يبا ٬ ابا ٬ يڀآ ٬ اڀآ ٬ يبآ ٬ ابآ ٬ يڀي ٬ اڀي ٬ اٻي x020Z 
3.  ڻڏو ٬ ڙڏو ٬ ڻڍو ٬ ڻڌو ٬ ڙڌو ٬ رڏو ٬ رڍو xMBDZ 
4.  يڙو ٬ اڙو ٬ يرو ٬ ارو ٬ ئرو ٬ ءرو ٬ يڻو xMD0Z 
5.  نوئار ٬ نوياڙ ٬ نوئاڙ ٬ نوئير ٬ نويار xD00MKZ 
6.  اييس ٬ يئيس ٬ ئايس ٬ ءايس ٬ ائيس ٬ ييعس ٬ ايعس ٬ يياس ٬ عياس ٬ اياس x6000Z 
7.  ئاڻڇ ٬ يئڻج ٬ ايڻچ ٬ ءيڙڇ ٬ ئارڇ ٬ ياڙڇ ٬ يئڙڇ ٬ ئاڙڇ ٬ ءيڙج ٬ عارج x7D00Z 
8.  يڻرڀ ٬ يڙرڀ ٬ اڙرڀ ٬ يڻرب ٬ يڙرب ٬ يڻرٻ ٬ اڙرٻ x2DD0Z 
9.  يگناب ٬ اگناب ٬ اگناڀ ٬ يگناٻ ٬ يگنيڀ x20KH0Z 
10.  يراڱ ٬ اراڱ ٬ اڻيڳ ٬ اڙيڳ ٬ ءڙيڳ ٬ يريڳ ٬ اريڳ ٬ يڻاڳ ٬ يڙاڳ ٬ اڙاڳ ٬ يراڳ ٬ اراڳ ٬ يريڱ ٬ يڻاڱ ٬ اڻاڱ xL0D0Z 
 
ShapeEx Algorithm: 
The second algorithm used in the Sindhi spell checking system to generate the similar words suggestion list 
is the ShapeEx algorithm, which is used to encode the words and character by similarity of the shape and glyph 
hence also termed as glyph matching algorithm. Similar to the soundEx algorithm, each characters or letter in 
Sindhi script is assigned a number or code and all the characters with similar shapes or glyphs are all grouped 
together with same code so that when the comparison is done the words with similar  shape characters, can be 
matched regardless of minor differences in spelling. For Sindhi language the character haves been grouped 
according to the similarity of the shapes or glyph of each characters as shown in the table 4. All the letters in 
Sindhi language have been grouped and a simple alpha-numeric code has been assigned to each group. There are 
18 groups that have been created for Sindhi language. 
 
 
 
Table 4: ShapeEx based character groups 
 epahS
edoh 
Similar Shaped Character Groups S.No 
0  إ أ ل ا آ  
1   ڀ پ ٻ ب  
2  ث ٺ ٽ ٿ ت  
3  ڇ چ ڃ ڄ ج  
4     خ ح  
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5   ذ ڏ ڌ د  
6     ڊ ڍ  
7  و م ز ڙ ر  
8     ش س  
9     ض ص  
A     ظ ط  
B     غ ع  
r    ق ڦ ف  
D      ڪ  
E   ڱ ڳ گ ک  
F     ڻ ن  
d     ہ ھ  
H    ء ئ ي  
 
According to the ShapeEx algorithm for Sindhi, to find a similarly shaped word for a given misspelled word, 
first the shapeEx based code is generated for the misspelled word, then that code is compared with the shapeEx 
code of each word from the correctly spelled Sindhi words list, and all the words that matched, are then put into 
the similar word list. The comparison according to the Sindhi shapeEx algorithm is shown in table 4 below where 
two Sindhi words are shown with similar shapeEx code. 
 
Table 4: ShapeEx comparison of two Sindhi words 
Wrong word ShapeEx Code Correct 
Word 
ٻ 1 ب 
ڪ D ڪ 
ر 7 ر 
ي H ي 
يرڪب 1D7H يرڪٻ 
 
Similar to the soundEx method, SoundEx algorithm yielded approximately 49,071 similar words table for 
Sindhi Language. Here again we used the same Sindhi Dictionary containing more than 100,000 words in its 
repository. Table 5 shows some of the generated Sindhi words with similar shape features, using shapeEx 
algorithm. All the similar shape words generated have same shapeEx code and thus were grouped. 
 
Table 5: List of similar words generated using ShapeEx Algorithm 
S.No Sindhi Similar Words List using 
ShapeEx 
Code 
1.  Sيماسا٬SSهماسا٬SSيراسا٬SSيماسآ٬SSيراسآ٬SSيراشا٬SSہراشا٬Sيراشل  x0807ZZ 
2.  Sرڱو٬SSرڱم٬SSرگم٬SSرگز٬SSڙڳر٬SSوڳر٬SSرڳر٬SSوڳڙ٬SSوڱر٬SSڙگڙ٬SSوگر٬SSزگر٬SSرگر٬SSڙڳو٬SSوڳو٬Sرڳو  x7E7Z 
3.  Sوھرا٬SSرھرا٬SSوھڙا٬SSڙھول٬SSوھول٬SSرھول٬SSوھڙل٬SSرھزآ٬SSڙھرآ٬SڙھواS٬SSوھوا٬SSرھوا٬Sرھزا  x07G7Z 
4.  Sيئامز٬SSيئازم٬SSيئاڙر٬SSيئامر٬SSيئاور٬SSٰيلوم٬SSهيلوم٬SSيئارم٬SSيئارو٬SSيئاڙو٬SSيئامو٬S  x770ZZ 
5.  
Sنورم٬SSنمرم٬SSڻورو٬SSنورو٬SSنوڙو٬SSنمرو٬SSنزرو٬SSڻڙور٬SSڻمور٬SSنمور٬SSنزور٬SSڻڙوم٬SSنڙوم٬S
Sنومر٬SSنزمر٬SSنموم٬SSنومڙ٬SSڻروم٬SSنروم٬SSنومم٬SSڻڙوو٬SSڻروو٬S  
x777FZ 
6.  
Sيرمو٬SSيمزر٬SSّورم٬SSہورم٬SSيمرم٬SSيڙرو٬SSيمزو٬SSئورو٬SSيمرو٬SSيزرو٬SSيررو٬SSيموز٬SSيروز٬S
زSہرم٬SSيڙرز٬SSيڙور٬SSيمور٬SSيزور٬SSہزور٬SSہرور٬SSيڙوم٬SSيزمر٬SSيموم٬SSيزوم٬SSہزوم٬SSيروم٬S
Sيڙوو٬SSيڙمو٬S  
x777ZZ 
7.  Sلوڳ٬SSاوڳ٬SSارڳ٬SSاڙگ٬SSارڱ٬SSلوگ٬SSاوگ٬SSلزگ٬SSارگ٬SSاڙڳ٬SSاڙڱ٬S  xE70Z 
8.  Sہوڳ٬SSئوڳ٬SSيمڳ٬SSيرڳ٬SSيڙگ٬SSيرڱ٬SSيوگ٬SSہوگ٬SSئوگ٬SSيزگ٬SSيرگ٬SSہرگ٬SSيڙڳ٬SSہڙڳ٬Sيڙڱ  xE7ZZ 
9.  Sليارک٬SSايلوڪ٬SSليارڪ٬SSايارڪ٬SSليامڪ٬SSليلوک٬S  xD70Z0Z 
10.  Sڙجنک٬SSوجنک٬SSرجنک٬SSوڇڻڪ٬SSرچنڪ٬SSرڃنڪ٬SSوجنڪ٬SSرجنڪ٬Sوجڻک  xDF37Z 
 
Results: 
The Phonetic algorithms, SoundEx and ShapeEx are most commonly used algorithms in spell checkers for 
English and other regional languages. The previous work done in this regard for Sindhi language is non-existent. 
Therefor two tables were initially created defining the grouping of Sindhi letters based on SoundEx and ShapeEx 
principles. We then developed a test application to examine our results by implementing these two algorithms as 
shown in figure 3. The application uses an internal Sindhi keyboard which is directly mapped to English keyboard; 
hence the user is freed from the boredom of installing and setting up Regional languages settings; as discussed by 
Bhatti et al., [30], to enter the Sindhi text without even installing the additional Sindhi keyboard. As the user enters 
the text in the application all the incorrect or misspelled words are flagged with red wavy line. The user right 
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clicks the marked word and the system provides the list of possibly correct suggestions for the misspelled word 
[31]. 
Initially we test the generation of words list using soundEx algorithm, hence all the words that have been 
generated using soundEx are appended with “SOX ::”. Figure 3 shows the GUI of the system where the image on 
the left has a huge list of similar words whereas the image on right has only one similar word for the misspelled 
encircled Sindhi word. This also shows the robustness of the system. 
 
 
 
Fig. 3: GUI showing the Words list generated using the SoundEx algorithm marked with SOX::{Sindhi Word} 
 
For the image on the left in figure 3, the soundEx code is “x060DZ”. Here the character ‘x’ is appended to 
identify that it’s and encoded string. The full list of words generated for the misspelled word using soundEx 
algorithm is given below: 
SOX :: ڻوسا 
SOX :: ريسا 
SOX :: روسا 
SOX :: راسا 
SOX :: ريثا 
SOX :: ڻاسو 
SOX :: راسو 
SOX :: ريسآ 
SOX :: ڙاسآ 
SOX :: راسآ 
SOX :: ڻوسي 
SOX :: ريسي 
SOX :: راثآ 
SOX :: ڻاسي 
SOX::راسي 
 
The ShapeEx algorithm was then used to generate the list and all the words generated using this algorithm 
were appended with “SPX ::” for identification purpose. Figure 4 shows the GUI of the system where the 
misspelled words is marked with red line, and upon user interaction a suggestion list is displayed below using the 
shapeEx algorithm. Again it was noted that the number of suggestions generated, varied according to the 
misspelled word from one correct word to multiple. 
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Fig. 4: GUI showing the Words list generated using the ShapeEx algorithm marked with SPX::{Sindhi Word} 
 
For the word with shapeEx code of “x0ZZZ” following list of correctly spelled words is generated. 
SPX word is::هٰل 
SPX word is::ّيل 
SPX word is::ّهل 
SPX word is::ّةل 
SPX word is:: ٰيل 
SPX word is:: ّيل 
SPX word is::هيل 
SPX word is::ةيل 
SPX word is::ئيل 
SPX word is::يئل 
SPX word is:: ّيا 
SPX word is::يئا 
SPX word is::  ا; 
SPX word is::هيآ 
SPX word is::ئيآ 
 
By combining both these algorithms, richly populated list of correctly spelled similar Sindhi words are 
obtained that can be easily used to replace the misspelled word in any Sindhi Text application as shown in figure 
5. Obviously some of the suggested word in the list don’t exactly match with the misspelled word and need 
refinement but this problem is left open for further research and actual implementation of Spell checker. 
 
 
 
Fig. 5: GUI showing the Words list generated using both algorithms 
 
By further refining the two algorithms along with Edit Distance algorithm, the suggestion list of words can 
be compressed to be more accurate and concise for the final Sindhi Spell checker product as shown in figure 6. 
This Sindhi spell checker system then can be further utilized and integrated in other online Sindhi Systems under 
development like [32].  
 
 
 
Fig. 6: Sindhi Text with consolidated suggestions list for a misspelled word 
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Conclusion and Future Work: 
 
In this paper we discussed the first ever attempt made to solve the problem of developing a Spell checker for 
Sindhi language, using phonetic based Sindhi SoundEx and ShapeEx algorithms. Sindhi being a very rich and old 
language has vast plethora of written text but unfortunately no previous attempt had been made to create such a 
system; as per best of our knowledge. We have used a combinational approach to generate a similar words list for 
the misspelled Sindhi string. A phonetic based Sindhi SoundEx algorithm was developed along with a pattern or 
glyph matching algorithm called ShapeEx. For these two algorithms, first time ever the Sindhi Phonetic based 
grouping was done for Sindhi characters based on their pronunciation and secondly based on their shapes or glyph 
representations. The system is able to identify the misspelled words correctly and then provides the suggestion 
list very accurately when desired by the user for the correction of the word. In future we would like to extend the 
SoundEx algorithm to Metaphone and Double-Metaphone based algorithm for higher degree of accuracy and 
efficiency. 
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